At 12 stations located in sandy beach sediments of the brackish water Kiel Fjord and Kiel Bight (Baltic Sea, FRG), variations and interrelationships of microbiological, chemical, and physicochemical parameters were monitored. Depending upon location, wide variations of a number of parameters reflecting dissolved organic and inorganic nutrients, chlorophyll a, microbial number, and uptake activity of glucose were measured. Whereas most of the parameters generally showed the tendency to decrease from the inner to the outer Kiel Fjord, individual parameters (oxygen, particulate nitrogen, ribose, chlorophyll a, glucose/fructose ratio) increased with increasing distance from the inner Kiel Fjord. Similarities in the local variation pattem demonstrated various relationships between individual parameters. Among those, dissolved organic nutrients on the one hand and inorganic nutrients on the other hand were closely linked together. Variations of organic and inorganic nutrients corresponded to variations of microbial activity and physicochemical parameters. By comparing standing stock carbon with carbon production, a microbial biomass turnover time of about 100 h was calculated. Approximately 50% of the microphytobenthos primary production was fixed by microorganisms. Daily microbial carbon production (43 mg of C per m2) was in the range of meiofauna carbon (35 mg of C per m2).
The cycle of matter in sediments is only poorly understood, a discrepancy arising from the sparsity of information concerning microbial activity and variations in organic and inorganic nutrients. In most of the microbiological studies of sediments (2, 6, 13; L. W. Wood, Ph.D. thesis, North Carolina State University, Raleigh, 1970) , only very few parameters could be included, thus restricting the understanding of the various interrelationships between microbiological and chemical parameters.
The study presented is part of a comprehensive joint research program carried out at different seasons of the year at 12 stations located in sandy beach sediments of the brackish water Kiel Fjord and Kiel Bight (Baltic Sea, FRG). General characteristics of the research area have been described by Rheinheimer and co-workers (14) . The aim of this study is to obtain more information on interrelationships and variations of microbiological, chemical, and physicochemical parameters. The data presented were used to estimate microbial carbon production, which is compared to microphytobenthos primary production and meiofauna carbon. (4) . Generally, this determination composes both the particulate and dissolved fraction; however, the overwhelming portions of carbon are present in the form of particulate material ( Table 1) . Because of this, the fraction determined after homogenization of the sediment cores is considered to be mainly POC, which reflects, on an average, 99% of the total organic carbon in the sediments. For determination of chlorophyll a, we followed procedures recommended by UNESCO (16) . For the analysis of natural free dissolved monosaccharides (glucose, fructose, ribose, total monosaccharides) and physicochemical properties of the sediment (water content, organic matter content, sand grain size, and shape), compare a previous report (13) and literature cited therein.
The number of saprophytic bacteria was determined by the spread plate technique after homogenization (4) and subsequent dilution of the sediment. The culture medium was a yeast-extract peptone agar (ZoBell 2216 E, modified) prepared with filter-sterilized natural seawater overlying the sediment at the individual stations. The same water was used for preparing dilutions. The plates were incubated at in situ temperature for 14 days. Total number and biomass of microorganisms were analyzed by epifluorescence microscopy (13) from the homogenized and diluted sediment samples. Biomass determinations were based on a size fractionation of the individual cells (9) .
For the determination of microbial uptake of glucose in undisturbed sediment cores incubated close to in situ conditions, we followed procedures published Conversions from dry weight (in grams) to wet volume (in milliliters) were carried out on the basis of the corresponding dry-weight content of the sediment (average value, 82%). This enabled us to do the extrapolation from wet volume (in milliliters) to surface area (in square meters) of sediment (down to a depth of 1 cm).
RESULTS AND DISCUSSION
The range and the mean for each of the 31 parameters monitored are shown in Table 1 .
The hydrographical conditions were relatively constant during the sampling period (4 to 13 July 1977). With the exception of two stations (C and G; Fig. 1 organic matter in the pore water varied by a factor of 4 (phosphate) and 9 (nitrite), respectively; particulate organic matter varied by a factor of 6 (carbon) and 17 (nitrogen), respectively. Whereas variations in the concentration of DOC were relatively small (factor of 4), great variations were measured for individual components of DOC (e.g., total free dissolved monosaccharides varied by a factor of 35). Distinct variations were also noticed in the concentrations of chlorophyll a (factor of 29) and the number of saprophytic bacteria and uptake activity of glucose. However, variations in total number of microorganisms and biomass were relatively small (factor of 3).
Inorganic nutrients, DOC, and microbial biomass generally showed the tendency to decrease from the inner to the outer part of the Kiel Fjord. For other parameters, a distinct trend could be demonstrated only at those stations located at the east side of the Kiel Fjord and the Kiel Bight, respectively (stations G to M; Fig.  1 ). Organic matter content, POC, carbon/nitrogen ratio, glucose, fructose, total monosaccharides, saprophytic bacteria, and respiration rate of glucose decreased with increasing distance from the inner part to the outer part of the Kiel Fjord. In contrast, the concentrations of oxygen, particulate nitrogen, ribose, chlorophyll a, and the glucose/fructose ratio increased. For the stations located at the west side of the Kiel Fjord and the Kiel Bight, respectively, a corresponding trend could be demonstrated only for concentrations of fructose and mean grain size, which increased with increasing distance from the inner part to the outer part of the Kiel Fjord (Fig.  2,3) .
Stations C and G differed from the other stations by extremely high or low values of individual parameters. Station C (west side of the outer Kiel Fjord) represented the situation of a calm protected bay characterized by high water temperature and high concentrations of inorganic and organic nutrients (organic matter content, POC, free dissolved monosaccharides). The number of saprophytic bacteria and actual uptake rate of glucose reflected high microbial activity. However, oxygen content, POC, carbon/nitrogen ratio, and concentration of chlorophyll a were extremely low. At station G (east side of the Kiel Fjord, strongly influenced by land and shipping) extremely low values of salinity, oxygen content, concentrations of dissolved inorganic matter, PON, and chlorophyll a were recorded. However, concentrations of DOC and free dissolved monosaccharides were relatively high. Low microbial activity was reflected by the low total number of cells and the high turnover time of glucose (Fig. 2, 3) . (Fig. 2) ribose). This seems to indicate that liberation and consumption of monosaccharides follow mechanisms similar for different individual monosaccharides. The same was already suspected from a previous study (12) . Solubility, adsorption, and exchange of dissolved organic and inorganic nutrients are governed by salinity, temperature, or both. This can be demonstrated by comparing the local variation pattern of salinity, temperature, or both on the one hand and, for example, glucose and nitrite, respectively, on the other hand (Fig. 2, 3) . Between dissolved and particulate organic matter, mutual exchange processes can be expected as indicated by the inverse variation pattern of glucose and organic matter content of the sediments (Fig. 3) . Indirect relationships can also be demonstrated for variations in the concentration of chlorophyll a and both concentration and turnover time of glucose (Fig. 2, 3 ). These relationships documenting the close connection between primary and secondary production need further investigation. The close relationship between chlorophyll a and POC found by Steele and Baird (15) could not be confirmed in this study.
Relationships between microbiological and chemical parameters are of special interest. Variations in the total number of microbial cells correspond to organic nutrients (2) and microbial activity (L. W. Wood, Ph.D. thesis, North Carolina State University, Raleigh, 1970) . High numbers of cells reflect high microbial biomass and organic matter content of the sediment. However, the higher the number of cells, the lower the concentration and the turnover time of glucose (Fig. 2, 3 ). Close indirect relationships between grain size and organic matter content and number of microorganisms, demonstrated by a number of authors (2, 5, 6, 17, 18 ; L. W. Wood, PhD. thesis, North Carolina State University, Raleigh, 1970) could not be documented from the data presented. This might be dependent on the narrow range of grain sizes studied and the limited number of samples. From the calculations of microbial uptake activity (see above), it is understandable that variations of both actual uptake rate and turnover time of glucose correspond to variations of glucose and total monosaccharides. Besides the relationships between microbial activity and dissolved and particulate organic matter (see above), activity relates to dissolved inorganic matter. Parallel to an increase in the actual uptake rates of glucose, the concentration of ammonia in the interstitial water increases (Fig. 2) . Interrelationships between salinity, temperature, or both and microbial activity are not very pronounced. The physicochemical parameters obviously influence microbial activity indirectly by the various relationships existing between salinity, temperature, or both and parameters of DOC, which in turn relate to microbial activity (see above).
Interrelationships between saprophytic bacteria (colony-forming units) and other parameters are not very pronounced. Saprophytes do not correlate well with total number and biomass. The only pronounced relationship exists between saprophytes and respiration rate of glucose. Pigmented saprophytes (percentage of the total number of saprophytes) show interrelationships with the concentration of glucose and total monosaccharides and actual uptake rates of glucose. These relationships are difficult to interpret, and the number of samples may not be sufficient to draw any conclusions from these observations.
The data presented were used to calculate microbial biomass production (Fig. 4) . The overwhelming portion of organic carbon in sediments is present in the form of POC (1.4 mg of carbon per g of dry-weight sediment). The average concentration of DOC is two orders of magnitude lower. Microbial carbon (2.0 x 10-2mg of carbon per g of sediment) amounts to 1.5% of POC. Natural free dissolved monosaccharides account for less than 1% of DOC. The main components of the free dissolved monosaccharides are glucose and fructose which make up more than 90% of the total. Microbial uptake activity is in the order of 10-4 mg of carbon (glucose) per g per h.
If we assume that microbial glucose uptake reflects one quarter of the total carbon uptake, the total microbial carbon uptake amounts to 4 x 10-4 mg of carbon per g per h. This assumption is derived from observations that approximately 2% of total DOC exists in the form of labile DOC (1% amino acids, 1% monosaccharides) from which glucose roughly represents one quarter (12) . As an average value, 40% of the microbial uptake of labeled material is respired (7) . Under the assumption that 10% of the net uptake is lost by excretion, microbial biomass production amounts to 2.2 x 10-4 mg of carbon per g per h, which is equivalent to 1.8 mg of carbon per m' per h (sediment depth, 0 to 1.0 cm; see above). From comparing microbial standing stock carbon with biomass production, a biomass turnover time or approximately 100 h was calculated. About 50% of the microphytobenthos primary production (8) is fixed by microbial secondary production. This corresponds to 50% of the phytoplankton production which is consumed by heterotrophic processes in the sea (1) . Investigations of short-term variations of microbiological and chemical parameters in the water column have implied that despite seasonal and daily variations, microbial standing stock biomass and activity in one and the same body of water do not change drastically from one day to the other (12) . If this holds true for the sediments investigated, most of the biomass production of microorganisms is available for organisms feeding on microorganisms. Meiofauna carbon carbon for a daily turnover of the meiofauna carbon.
